The enormous diversity of extant animal forms is a testament to the power of evolution, and much of this diversity has been achieved through the emergence of novel morphological traits. The origin of novel morphological traits is an extremely important issue in biology, and a frequent source of this novelty is co-option of pre-existing gene networks for new purposes. Appendages, such as limbs, fins and antennae, are structures common to many animal body plans which must have arisen at least once, and probably multiple times, in lineages which lacked appendages. We provide evidence that appendage proximodistal patterning genes are expressed in similar registers in the anterior embryonic neurectoderm of Drosophila melanogaster and Saccoglossus kowalevskii (a hemichordate). These results, in concert with existing expression data from a variety of other animals suggest that a pre-existing gene network for anterior head patterning was co-opted for patterning of the proximodistal axis of appendages in bilaterian animal evolution. Under selective pressures on feeding and locomotion, limbs have been repeatedly modified over the course of vertebrate evolution. Modifications include loss of digits, differential elongation of limb segments, fusion of skeletal elements (e.g. fusion of the tibia and fibula in horses), and changes in the size of the fore or hindlimb. In many cases such extreme adaptive changes are found in animals that are phylogenetically far removed from model organisms and in taxa that are not amenable to experimental analysis. In contrast, jerboas, a group of bipedal desert-adapted rodents, provide an extraordinary opportunity to address the developmental and genetic basis of limb evolution. Not only do their hindlimbs display all of the derived characteristics listed above, they are closely related to mice with which they can be developmentally compared. Moreover they are small mammals that are plentiful in the wild and amenable to rearing in the laboratory. We find that the early hindlimb bud shape of the three-toed jerboa differs from that of the forelimb and from the mouse hindlimb bud. The proximal aspects of five digital rays are initially specified, but the first and fifth are truncated resulting in only three fully formed digits. The three central metatarsals form as proportionally longer condensations, and subsequently undergo an increased rate of elongation during embryonic and postnatal stages. This allometric elongation involves both a moderate increase in the rate of proliferation and a marked increase in the number and size of hypertrophic chondrocytes. Repetitive evolution of hermaphroditism in Caenorhabditis required major changes in germline sex determination. In C. elegans the PUF family proteins FBF-1/2 promote germline proliferation and female sexual fate. Here, we examine PUF homologs in C. briggsae, another self-fertile Caenorhabditis species. Phylogenetic analysis of the PUF family from five Caenorhabditis species shows that C. briggsae puf-2/12 and C. elegans fbfs belong to two distinct but related PUF sub-families. Simultaneous dsRNA knockdown of Cb-puf-2/12 feminizes the germ line, in contrast with the masculinization phenotype of the fbfs in C. elegans. gld-1 has opposite germline sex determination phenotypes in these two species and is an important direct target of regulation by FBF in C. elegans. Genetic and biochemical assays show Cb-PUF-2/12 repress Cb-GLD-1 expression by directly binding to Cbgld-1 3′UTR through a conserved element. The mRNA sequence element bound by C. briggsae PUF-2/12 and C. elegans FBF is conserved through yeast three-hybrid interaction assays. This suggests that the feminization caused by knockdown of Cb-puf-2/12 can be explained by conserved PUF repression of gld-1 in C. briggsae. We also provide evidence suggesting the ancestral function of the puf-2/12 and fbf sub-family proteins was promotion of germline maintenance, and that Cb-puf-2/12 were recruited into the germline sex determination pathway in the C. briggsae lineage.
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